Boise State University

ScholarWorks
Research Computing Days 2021

Research Computing Days

3-31-2021

Investigation of Welded Thermoplastic-Carbon-Fiber Composites
Using Molecular Dynamics
Chris Jones
Boise State University

Rainier Barrett
Boise State University

Investigation of welded thermoplastic-carbon-fiber composites using molecular dynamics
Chris Jones, Dr. Rainier Barrett, Jenny Fothergill, Dr. Eric Jankowski
Micron School of Material Science and Engineering, Boise State University

Results:

Introduction:
Carbon fiber composites embedded in a polymer matrix offer excellent
mechanical properties while remaining lightweight. This combination makes
them ideal for high performance applications such as in the aerospace
industry. Thermoplastic-based composites have been explored as a
replacement for thermoset composites due to their ability to melt and solidify,
making the manufacturing of large parts possible through welding techniques.
Poly-ether-ether-ketone (PEEK) and poly-ether-ketone-ketone (PEKK) are
widely studied as an ideal thermoplastic for composites. We develop
computational tools for predicting the strength of welded PEEK and PEKK
systems using molecular dynamics.

PEEK (left) and PEKK (right)

Methods:
Up to this point, this work has primarily focused on creating the process to
generate welded interface simulations using the outputs of separate polymer
melt simulations. During a melt simulation we can sweep through various
molecular weights, polydispersity, relative amount of meta and para phenyl
linkages along the polymer chain as well as processing temperature in order to
understand the relationship between processing, structure and performance in
a welded joint.
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Molecular dynamics
simulations inform
macroscale composite
manufacturing decisions.

System Initialization: Both of the polymer melt systems and interface systems
were generated using the MoSDeF packages mbuild and foyer [1]
Molecular dynamics (MD): simulations were performed using the
HOOMD-Blue[2] simulation engine on high performance computer clusters
which allows for the study of hundreds of system state points simultaneously.
MD simulations let the experimenter observe the evolution of a system as the
atoms interact with each other over tens of millions of time steps. Once the
system has reached equilibrium a detailed analysis can be made about the
system’s structure.
1. https://mosdef.org/ 2 .http://glotzerlab.engin.umich.edu/hoomd-blue/
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1: Initial interface 2: Welded joint after 65 million time steps 3 & 4: View of resulting
chain diffusion across the interface

Conclusions and Next Steps:
To increase the size and duration of simulations requires either an increase in
computational capacity or runtime, or a reduction in cost. Reducing computational
cost is much more tenable and cost-effective than upgrading hardware, so our future
efforts will include a coarse-grain (CG) modeling approach. CG modeling involves
mapping multiple atoms in a system onto a single representative bead. This reduces
computational complexity dramatically by reducing the number of physical
interactions that must be calculated at each timestep, allowing much larger systems
to be simulated in the same amount of time. However, new force field terms must be
created and calibrated for these representations. To solve this problem, we will
investigate the use of machine learning methods to create a CG force field that
generate the forces on CG beads that reproduces the all-atom behavior.

Coarse Graining: An example where
one coarse-grained bead represents
a benzene ring and oxygen atom
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